Mechanical ventilator (MV) adjustment is common practice in intensive care units (ICUs). Its primary objective is to achieve adequate organ O 2 supply and CO 2 clearance through maintaining appropriate arterial blood gas (ABG) values. 1 Ventilator adjustment episodes commonly are based on and evaluated by ABG analysis. 2 Such ABG analysis is reported to be the most frequently ordered test in ICU. 3 4 Previous workers have suggested that almost half of such tests are unnecessary, 5 and there is a consistent correlation between the frequency of ABG and the value of arterial partial pressure of oxygen (Pa O 2 ); 6 where values of Pa O 2 outside the normal range prompt frequent re-testing. Overutilization of ABG analysis carries two potential hazards: first, the arterial puncture, cannulation, and sampling may give rise to complications, 7 8 and secondly, ABG analysis is among the most expensive of ancillary procedures in critical care. 4 Unnecessary ABG analysis thus places a drain on health service resources.
In an attempt to minimize arterial gas analysis, and in an attempt to streamline ventilator management and accelerate attainment of the desired Pa O 2 , there has arisen an array of methods aimed at predicting Pa O 2 . One such technique, the isoshunt diagram, 9 10 uses the concept of isoshunt lines where these virtual lines are used to relate FI O 2 to Pa O 2 ; although this methodology is considered a 'gold standard' in terms of popularity and perceived accuracy, the method is too cumbersome to be of practical and frequent use in the critical care setting. 11 Several mathematical formulae have been created in the past for use in the ICU to predict Pa O 2 after adjustment of fractional inspired oxygen (FI O 2 ). 12 -16 All such formulae have been based on the assumption that the ratio of 18 -20 Recently, we developed a novel formula to predict the resulting Pa O 2 ; preliminary validation was promising. 21 In this paper, we describe one study with three aims, each using a different methodology. were excluded. No patient was excluded on the basis of diagnosis. After exclusions, there remained 110 patients for study; the first 64 recruited patients were included in the first data set which has been published in a preliminary report. 21 In this study, we recruited a further 46 patients to extend the validation. All patients were sedated and some had spontaneous breath in addition to the machine delivered breaths. Immediately before the FI O 2 adjustment and 20 min after, arterial blood samples were obtained using a 1 ml heparinized Micro ABG TM syringe (Marquest Medical Products, USA), after aspiration of 2 ml of blood. 22 The samples were stored in crushed ice, thoroughly mixed, and the first drops were discarded; analysis was conducted within 3 min of sampling using a Roche Omni w C blood gas analyzer (Roche Diagnostics, Germany), 23 (2) and (3), respectively].
The formulae used for the prediction of Pa O 2 after adjustment of FI O 2 were: 13 21 new
where ' old ' indicates a value before adjustment of FI O 2 and ' new ' indicates a value after adjustment of FI O 2 .
where P B is barometric pressure (101.3 kPa) and P H 2 O the saturated vapour pressure of water at 378C (6.3 kPa); for each patient, calculations were performed assuming constant Pa CO 2 .
Application of the new formula in clinical settings
Twenty-six respiratory therapists (RTs) were invited to participate in the study. All RTs were active in the daily management of mechanically ventilated patients in critical care settings. Those who had ,1 yr experience in critical care were excluded. Of the 26 RTs approached, 20 gave their consent for participation. The new formula [equation (1)] and the isoshunt diagram were presented and explained during a 1 h PowerPoint presentation (available from the corresponding author). The presentation addressed the theory behind each tool, the main features of each tool, how each worked, and their correct application in clinical settings. Participants were given time to practice using both tools on a clinical data set. Participants' performance was reviewed by the researcher (H.M.A.-O.). Any misunderstanding was addressed individually. This process continued until all participants performed in a satisfactory manner.
The next day, a facilitator introduced the data collection form and ensured that all required data entries were completed. Twenty data sets were randomly selected from the above-mentioned pool of clinical data. No data sets were used that had been used in the previous day's training exercise. Each data set comprised ventilator parameters before and after FI O 2 adjustment and ABG values before FI O 2 was changed. RTs were asked to predict the Pa O 2 resulting from Prediction of arterial oxygen tension the change in FI O 2 . Facilitators and participants were blinded to patients' responses after FI O 2 adjustment. Participants were asked to view each data set as one isolated scenario. There was no time limit for completion of the data collection form.
Statistical analysis
The difference between Pa O 2 before and after FI O 2 adjustment was calculated; this is termed the measured change. The difference between Pa O 2 before FI O 2 adjustment and the predicted value was calculated; this is termed the predicted change. Bias in prediction was calculated as the difference between the measured and predicted magnitude of change in Pa O 2 (i.e. using absolute values, removing the cancelling-out effect of under-and over-prediction). The 95% limits of agreement (LA 95% ) were calculated as bias (k)×standard deviation (SD), 24 with k calculated from the z-distribution, where k¼2.086 for n¼20, k¼2.0 for n¼67, and k¼1.96 for n¼173. Data processing and charting were performed in Microsoft TM Excel (Office, 2007). All data are presented as mean (SD) unless stated otherwise.
Results
Validation using the new data set and comparison with existing formulae 
Global validation (combined data sets)
Combining our previously published validation 21 with the present data set yields a large validation data pool (173 data sets). Table 1 shows patients' details and diagnosis on admission. Patients had a variety of pathologies commonly seen in the ICU. Some patients suffered from two or more pathologies. Figure 1A shows the bias and LA 95% between measured and predicted magnitudes of change in Pa O 2 using the new formula [equation (1)] 0.1 (2.0) kPa. Figure 1B shows the LA 95% between measured and predicted magnitudes of 
Pulmonary oedema (n) 4
Post-AVR (n) 5
Others (n) 6 
Application of the new formula in clinical settings
All participating RTs predicted Pa O 2 for the 20 data sets presented, using the new formula [equation (1)] and the isoshunt diagram. The mean (SD) of the measured magnitude of change in Pa O 2 was 6 (6.5) kPa. The mean (SD) of the predicted magnitude of change was 6.5 (7.1) kPa using the new formula [equation (1)] and 3.1 (5.1) kPa using the isoshunt method. LA 95% between the measured and predicted magnitude of change using the new formula [equation (1)] was 0.6 (3.6) kPa (Fig. 2A) ; LA 95% using the isoshunt diagram was 22.7 (6.4) kPa (Fig. 2B ). 
Discussion
The present data suggest that the new formula [equation (1) 24 The LA 95% provides a better quantification of the agreement between predicted and measured Pa O 2 than does simple correlation. 24 One may postulate possible causes of deviation from the line of equality by the new formula. There may be coincidental changes in a patient's pathophysiology during the equilibrium period; it may also be because of errors in automated ABG analysis, especially of values outside the calibration ranges; it may also arise from spontaneous (and therefore unpredictable) variation in Pa O 2 . 31 -33 All three factors, in all likelihood, have some effect. However, spontaneous variation in Pa O 2 appears especially likely; Pa O 2 is known to vary spontaneously in apparently stable patients from 0.1 to 6 (kPa). 31 Such factors would not only disrupt the predictive accuracy of the new formula; they would disrupt the accuracy of any formula. Further, the new formula was tested on mechanically ventilated patients that were clinically and haemodynamically stable; patients with unstable pathophysiological states may not reproduce similar findings. The ability of clinicians to apply the new formula in real scenarios suggests that it is a promising tool for use in clinical settings. Clinicians reported anecdotally that using it was easy, and compared favourably with the 'gold standard' of the isoshunt diagram. In real clinical settings, the use of the new formula appears to provide more accurate and more consistent prediction than the current 'gold standard' method. The present investigation suggests that application of Nunn's virtual shunt lines in clinical scenarios can be inaccurate, misleading, or both. Inaccurate estimation of resulting Pa O 2 might be caused by several assumptions in the virtual shunt model. It may also stem from incapability of clinicians to apply the isoshunt method correctly; clinicians may face difficulty to precisely define the appropriate Pa O 2 values. In fact, the authors of the isoshunt diagram have acknowledged that small errors at lower Pa O 2 values would produce considerable error in the estimation of the shunt line and hence the resulting Pa O 2 .
9 Such technical deficits may reduce the value of the use of virtual shunt lines in clinical settings.
In conclusion, the new formula combines ease of use and sufficient accuracy to be used in critical care settings for predicting Pa O 2 during adjustment of FI O 2 . The present data proved its value on stable mechanically ventilated patients. Its ease of use makes it a convenient alternative to the existing methods. Of course, it will not obviate the need for ABG analysis, which may inform clinicians of other important data, such as acid -base status. Further studies might be necessary for different patients' populations.
